Natural-abundance 13C nuclear magnetic resonance studies of regulation and overproduction of L-lysine by Brevibacterium flavum.
Natural-abundance 13C NMR spectroscopy has been used to study the metabolism of the L-lysine-producing bacterium, Brevibacterium flavum. Relationships of biomass formation, precursor uptake, and product excretion, as a function of culture medium, oxygen supply and specific cell membrane permeability, were rapidly determined using 67.89-MHz 13C NMR. The induction of lysine production throughout the growth cycle was studied. Intracellular and extracellular levels of free metabolites and unconsumed precursor were quantitatively measured as a function of growth culture conditions. Limited availability of oxygen resulted in accumulation and excretion of unfavorable products: lactate, succinate, alanine and valine. However, under optimal aeration conditions L-lysine was the sole metabolite detected extracellularly. Various important long-lived intermediates and storage compounds were detected in the intact cells (by NMR measurements). Carbon resonances of carbohydrates and amino acids were resolved and easily identified. Of particular interest are those of trehalose carbons, a storage carbohydrate. Natural-abundance 13C NMR spectroscopy seems most suitable for biotechnological processes where high concentrations of intermediates and end-products can be observed. We anticipate that this approach will be employed to screen overproducing bacterial strains.